This study was to examine the expression of total vascular endothelial growth factor (VEGF) and the anti-angiogenic VEGF 165 b isoform in the vitreous body of retinopathy of prematurity (ROP) patients, and to further study the role of the VEGF splicing in the development of ROP. Methods: This was a prospective clinical laboratory investigation study. All patients enrolled received standard ophthalmic examination with stage 4 ROP that required vitrectomy to collect the vitreous samples. The control samples were from congenital cataract patients. The expression of total VEGF and the anti-angiogenic VEGF 165 b were measured by enzyme-linked immunosorbent assay. Results were analyzed statistically using nonparametric tests. Results: The total VEGF level was markedly elevated in ROP samples while VEGF 165 b was markedly decreased compared to control group. The relative protein expression level of VEGF 165 b isoform was significantly decreased in ROP patients which were correlated with the ischemia-induced neovascularization. Conclusions: There was a switch of VEGF splicing from anti-angiogenic to pro-angiogenic family in ROP patients. A specific inhibitor that more selectively targets VEGF 165 and controls the VEGF splicing between pro-and anti-angiogenic families might be a more effective therapy for ROP.
IntroductIon
Retinopathy of prematurity (ROP) has become one major cause of visual loss in children recently. The normal retinal vessel development was suppressed in ROP, which could lead to an ischemia-induced neovascularization and proliferative retinopathy. [1] Neovascularization is one of the major pathological changes in ROP patients which is a complex process mediated by various factors including vascular endothelial growth factor-A (VEGF-A, hereinafter referred to as VEGF). VEGF is the dominant pro-angiogenic factor that could increase the abnormal vascular permeability and finally lead to retinal neovascularization following with vitreous hemorrhage, traction retinal detachment, and loss of vision. [2] It has been identified that actually VEGF was differentially spliced from exons 8 to form two opposite-functioned VEGF families: The pro-angiogenic VEGFxxx family and the anti-angiogenic VEGFxxxb family (xxx represents the number of amino acids of the secreted isoform). The VEGFxxxb family had the same length as VEGFxxx family, but with different C-terminal amino acid sequences.
in human eyes while VEGFxxxb isoforms were the most abundant species in normal vitreous. [3, 6, 7] VEGF 165 b was the first member identified. VEGF 165 b could also bind to VEGFR2 (KDR/FLK1), but without activating downstream angiogenesis signaling. Previous studies showed that VEGF 165 b was downregulated in angiogenic diseases such as diabetic retinopathy, [4, 8] retinal vein occlusion, and age-related macular degeneration (AMD). [9, 10] However, VEGF 165 b was up-regulated in nonangiogenic diseases such as glaucoma [11] and rhegmatogenous retinal detachment. [12] In our previous studies, we have illustrated the neovascularization may depend on the imbalance of the two VEGF isoforms in a mouse model of oxygen-induced retinopathy (OIR). However, the VEGF 165 b protein expression in the vitreous of ROP patients has not been investigated previously. We sought to determine the expression pattern of VEGF 165 b and the relative expression of the anti-angiogenic isoforms in the vitreous sample of ROP patients to further study the role of the VEGF splicing in the development of ROP.
Methods

Patients
Our prospective study was performed with the approval of the Ethical Committee of Peking University People's Hospital and was conducted in accordance with the Declaration of Helsinki. 
Sample collection
All patients underwent vitrectomy surgery performed by Dr. Jianhong Liang and Dr. Hong Yin at the Peking University People's Hospital, Beijing, China, after approval by the hospital's institutional review board.
Undiluted vitrectomy samples were obtained from the mid vitreous of children with stage 4 ROP using a 3-port lens-sparing vitrectomy with manual suction by sterile syringes. Approximately 100 μl undiluted vitrectomy samples were obtained from the mid vitreous of patients. The intraocular irrigating solution (Alcon) was not opened until the procedure completed.
In the control group (congenital cataract), anterior vitrectomy approach was used after the phacoemulsification. The undiluted vitreous samples were also aspirated by sterile syringes.
The undiluted vitreous samples were centrifuged at 3000 rpm for 10 min at 4°C to remove cells and debris, then immediately transferred to store at −80°C until the time of assay. The technician and doctor involved in the study were masked to all the samples.
Enzyme-linked immunosorbent assay
Total VEGF and VEGF 165 b were measured in vitreous samples by enzyme-linked immunosorbent assay (ELISA) using a kit for human anti-VEGF (all isoforms) (Duoset VEGF ELISA DY-293; R and D Systems) and a kit for human VEGF 165 b (Duoset VEGF ELISA DY3045; R and D Systems).
Each assay was performed according to the manufacturer's instruction for the VEGF and VEGF 165 b ELISA. The optical density was determined at 450 nm using an absorption spectrophotometer. The optical density mean values were reading for three times for quantitative analysis.
A standard curve for this assay was built with recombinant human VEGF and VEGF 165 b (R and D Systems).
Statistical analysis
Results were analyzed statistically using nonparametric tests because of the skewed distribution (Kruskal-Wallis variance analysis and Bonferroni corrected Mann-Whitney U-test) and were expressed as the median and range. P < 0.05 was considered statistically significant. Statistical analysis was performed using GraphPad Prism 5.0 (La Jolla, CA, USA).
results
Total vascular endothelial growth factor levels were markedly elevated in the retinopathy of prematurity patients' vitreous samples
The concentrations of total VEGF in ROP patients and congenital cataract patients' vitreous samples were measured by ELISA. Our results showed that the concentration of total VEGF was 467.2 ± 45.86 pg/ml (mean ± standard error of mean [SEM] ) in the control group. However, the concentration of total VEGF was 2396 ± 695 pg/ml (mean ± SEM) in ROP vitreous samples which was markedly elevated when compared with control group [P < 0.01, Figure 1 ]. A 5.12-fold increase of total VEGF protein expression was detected in ROP patients' vitreous body compared to control group.
VEGF 165 b levels was markedly down regulated in the retinopathy of prematurity patients' vitreous samples
The concentration of VEGF 165 b in ROP patients and congenital cataract patients' vitreous samples were measured by ELISAs. Our results showed that the concentration of VEGF 165 b was 331.2 ± 23.63 pg/ml (mean ± SEM) in the control group. However, the concentration of VEGF 165 b was 51.32 ± 16.35 pg/ml (mean ± SEM) in ROP vitreous samples which was markedly decreased when compared with control group [P < 0.01, Figure 2] . A 6.45-fold down-regulation of the VEGF 165 b protein expression was detected in ROP patients' vitreous body compared to control group.
The relative protein expression level of VEGF 165 b isoform decreased in retinopathy of prematurity patients
When analyzing the relative protein expression level of the VEGF 165 b isoform, the ratio of VEGF 165 b and total VEGF, it was much clearer to see the switch from anti-angiogenic isoform to pro-angiogenic isoform in ROP patients. The relative protein expression level of VEGF 165 b isoform was significantly decreased in ROP group than in control group (P < 0.01) which was correlated with the ischemia-induced neovascularization in ROP patients [ Figure 3 ].
dIscussIon
The pathological process of ROP patients was divided into two phases: Phase I as the hyperoxic phase and phase II as the ischemic phase. [13] In the relatively hyperoxic phase I, the VEGF expression was downregulated. The normal retinal vessel growth was suppressed, and the vessels were constricted. In the hypoxia phase II, the ischemic retina produced angiogenic factors including VEGF, which further resulted in neovascularization. [14] [15] [16] Neovascularization is one of the major pathological changes in ROP patients which is a complex process mediated by the imbalance of anti-angiogenic system and pro-angiogenic system. Among those, VEGF is the key factor for neovascularization. Our understanding of how neovascularization is regulated by VEGF requires a complete re-evaluation since the VEGF was differentially spliced into two opposite-functioned families. [3, 4] In our previous studies, we showed that the neovascularization may be related to the imbalance of the two VEGF isoforms in a mouse model of OIR. [17] However, the VEGF 165 b protein expression in ROP patients remains unknown. Here, for the first time, we investigated the expression of VEGF 165 b and the relative expression of the anti-angiogenic isoforms in the vitreous sample of ROP patients. From the data we described, it showed that the level of VEGF 165 b was significantly downregulated in ROP patients while the total VEGF level was significantly up regulated and overwhelmed the anti-angiogenic VEGF 165 b isoforms. When analyzing the relative protein expression level of VEGF 165 b isoform, it was much clearer to see the switch from anti-angiogenic VEGF isoform to pro-angiogenic VEGF isoform in ROP patients. The relative protein expression level of VEGF 165 b isoform was significantly decreased in ROP group, which was correlated with the ischemia-induced neovascularization. Those results were corresponding with previous studies showing that VEGF 165 b was downregulated in angiogenic diseases such as diabetic retinopathy, [4, 8] retinal vein occlusion and AMD patients. [9, 10] The mechanism for the switch of VEGF splicing from anti-angiogenic to pro-angiogenic family in ROP patients remains unknown. However, our results showed that the two VEGF families were not equally affected. The relative protein expression level of VEGF 165 b isoform was significantly down regulated while the total VEGF level was significantly up regulated. This suggested that the pro-angiogenic VEGF isoforms was the majority of the total VEGF and overwhelmed the anti-angiogenic VEGF isoforms along with the neovascularization development in ROP patients. Previous studies have investigated the splice site selection factors including insulin-like growth factor-1, which induced more VEGF 165 b and less VEGF 165 b expression. Other studies also showed that the splicing could be regulated by protein kinase C inhibition and SRPK1/2 inhibition. [18] Thus, we assumed that the regulation of alternative splicing could be a potential therapeutic strategy in ROP. Further studies focused on the alternative splicing regulation may provide new therapy for controlling neovascularization.
We have illustrated that the neovascularization development correlates with an increase of total VEGF isoforms and the decrease of VEGF 165 b, indicating that there is a pro-angiogenic VEGF shift in the neovascularization development in a mouse model previously. [17] In this study, we also noticed the same switch of VEGF splicing from anti-angiogenic to pro-angiogenic family in ROP patients.
In our study, we noticed that the range of total VEGF and VEGF 165 b varied form patient to patient, which may associate with the effect of anti-VEGF treatment and prognosis. Recent studies have showed that the resistance to anti-VEGF treatment may depend on the high level of VEGF 165 b expression in colon cancer. [19] Our previous study illustrated that the anti-angiogenic effectiveness of bevacizumab might depend on the relative high expression of VEGF 165 b after intravitreal bevacizumab injection in a mouse model of OIR. [20] However, there have been no studies to determine whether anti-VEGF therapy can affect the two VEGF isoforms equally in ROP patients which need to be verified in further studies. Considering the varied response to anti-VEGF therapy of ROP as well as AMD clinically, we assumed that anti-VEGF therapy could be more effective in those condition with majority of VEGFxxx expression, whereas being less effective in those condition with majority of VEGFxxxb expression.
In neovascular diseases such as exudative AMD and PDR, the release of VEGF is continuous. [21, 22] However, there is only a single burst of VEGF release in ROP. [23] Anti-VEGF therapy would be a more effective treatment of ROP if it were delivered in the VEGFxxx dominated patients and VEGFxxx dominated disease stage which could rapidly switch the pro-and anti-angiogenic isoforms, but this needs to be further verified. Our further studies for the treatment in ROP patients should focus on the optimal timing for the therapy and the selection of the sensitive patients for the anti-VEGF therapy considering the switch of the two VEGF isoforms.
Furthermore, VEGFxxxb isoforms are not only competitive inhibitors, but also may play a physiological role in ROP patients. Thus, the preservation of the physiologic development of retina is equally important as the effectiveness on the pathologic neovascularization. Anti-VEGF therapy that more selectively targeted VEGF 165 by may be more effective. Previous studies concluded that VEGF 165 b increased the normal vessels area in mouse [24] and did not prevent physiological revascularization in the central ischemic retina. [25, 26] Taken together, our results suggested that the relative protein expression level of VEGF 165 b isoform was significantly decreased in ROP patients' vitreous body which was correlated with the ischemia-induced neovascularization. There was a switch of VEGF splicing from anti-angiogenic to pro-angiogenic family in ROP patients. The role of VEGF splicing regulation plays a key role in the neovascularization in ROP. We believed that specific inhibitor that more selectively targets VEGF 165 and controls the VEGF splicing between pro-and anti-angiogenic families might be a more effective therapy for ROP. 
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Figure 3:
The relative protein expression level of VEGF 165 b isoform decreased in retinopathy of prematurity patients. The relative protein expression level of VEGF 165 b isoform (the ratio of VEGF 165 b and total vascular endothelial growth factor) was significantly decreased in retinopathy of prematurity group than in control group (P < 0.01). Thus, there was a switch of vascular endothelial growth factor splicing from anti-angiogenic to pro-angiogenic family in retinopathy of prematurity patients.
